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RAnKGROTTND OF THE TNVRNTTON 
(FIELD OF THE INVENTION) 
The present invention relates to a preheating method and apparatus for 
preheating raw tire prior to vulcanization molding. process. 

(DESCRIPTION OF THE RELATED ART) 
Raw tire is conventionally shaped by molding machine, and kept on rack of 
storage space, which is designated in a building etc. of vulcanizing facilities, 
in a room-temperature environment. The raw tire is subsequently gotten 
out of the rack based on production planning, and conveyed to vulcanizing 
machine. Bladder, which is inserted into the tirei hole, is stretched to be 
brought into intimate contact with the inner wall surface of the tire by 
supplying the bladder with high-temperature and high-pressure heating 
medium after the raw tire, which is carried in, for example, a bladder-tjrpe 
vulcanizing machine, being loaded into a mold by means of clamping action. 
Then, the inner wall surface of the tire is heated and pushed in the direction 
of the mold through the bladder to form mold tire grooves on the tread 
portion of the tire. Further, vulcanization molding process may be 
completed in a short time by using a heated mold and a bladder contacted 
with high-temperature heating medium to heat the raw tire from the outside 
and the inside respectively, which results in early temperature rise up to the 
vulcanizing start temperature. 

However, to keep raw tire for a long stretch of time in a room-temperature 
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environment in accordance with the prior art above, which results in that the 
temperature of the raw tire becomes close to the room temperature of 25 
degrees Celsius etc., requires temperature rise of the raw tire from the room 
temperature up to the vulcanizing start temperature in a vulcanization 
molding process of the tire in a vulcanizing machine. Although raw tire is 
conventionally heated from the outside and the inside by using mold or 
bladder respectively to complete vulcanization molding process in a short 
time as mentioned above, the temperature on the inner side and, more 
particularly the center on the inner side of notably fleshier part of the tread 
portion or the bead portion of the raw tire rises slowly while the temperature 
of the outer surface side of the raw tire rises in a short time, because raw tire 
is mainly composed of rubbers with low thermal conductivity Therefore, 
the vulcanization molding process is required to be continued untH the 
temperature on the inner side of the raw tire reaches the vulcanizing start 
temperature to carry out vulcanization even if the outer surface side of the 
raw tire has already finished vulcanization. On this account, the method of 
the prior art suffer from problem in that vulcanization molding may not be 
completed adequately in a short time. 

In addition, microwave may be irradiated to raw tire while being stored as 
a preheating method of raw tire prior to vulcanization molding process. 
However, this method may not be a fundamental solution for completing the 
vulcanization molding process in a short time because microwave of the 
method may preheat (heat) the outer surface side of the raw tire mainly, but 
not the inner side, the temperature of the side rising most slowly while 
vulcanization molding. Furthermore, the rate of absorption of microwave 
energy is sensitive to a shght dispersion of composition of rubber members, 
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the tendency of which becomes more pronounced as the heating temperature 
rises, and makes it difficult to heat raw tire evenly. Then, vulcanizing 
machines of every kind such as bladder-type, bladderless-type etc. suffer 
from this kind of problem, particularly notable for the bladder-type 
vulcanizing machine because bladder itself is composed of rubbers with low 
thermal conductivity. 

STTTVIMARY OF THE TNVRNTTON 

Accordingly, an object of the present invention is to provide a raw tire 
preheating method and apparatus which makes it possible to complete 
vulcanization molding adequately in a short time. 

To overcome the foregoing deficiencies, in a first aspect the present 
invention provides a raw tire preheating method for preheating raw tire 
including metal members embedded therein, characterized in that the 
method comprises preheating by using both induction heating for the metal 
members, and radiation heating for a rate-hmiting portion, the temperature 
of the rate-hmiting portion rising slowly under only the induction heating. 

In accordance with the method above, regions, in which the metal 
members embedded, are heated from the inside by induction heating for the 
metal members. Also, the rate-hmiting portion, the temperature of which 
rises slowly under only the induction heating, is heated from the surface side 
by radiation heating. By virtue of induction and radiation heating process 
above, each portion of the raw tire may be heated up to desirable 
temperature rapidly and certainly. Therefore, each portion of the raw tire 
may be heated up to desirable preheating temperature, and then the whole 
portion of the raw tire may be heated up to the vulcanizing start 
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temperature in a short time in the vulcanization molding process, resulting 
in that the vulcanization molding process may be completed in a short time. 

In a second aspect the present invention provides a raw tire preheating 
method for preheating raw tire including metal members embedded in a 
tread portion, characterized in that the method comprises preheating by 
using both induction heating for the metal members, and radiation heating 
for end portions of the tread portion. In accordance with this method, 
typically configured raw tire may be sxif&ciently preheated. 

In a third aspect the present invention provides a raw tire preheating 
method for preheating raw tire including metal members embedded in a 
tread portion and a bead portion, characterized in that the method comprises 
preheating by using both induction heating for the metal members in the 
tread portion, and radiation heating for end portions of the tread portion and 
the bead portion. In accordance with this method, typically configured raw 
tire may be sufficiently preheated. Further, an apparatus for embodying 
the raw tire preheating method may be acquired inexpensively because it is 
not necessary to install an expensive apparatus for induction heating to heat 
the bead portion. 

In a fourth aspect the present invention provides a raw tire preheating 
apparatus for preheating raw tire including metal members embedded 
therein, characterized in that the apparatus comprises a retaining means for 
retaining the raw tire in a predetermined attitude in a releasable manner; a 
induction heating means for heating the metal members inductively by 
means of a high frequency magnetic field, the high frequency magnetic field 
being applied to the raw tire retained by the retaining means; and a 
radiation heater for heating a rate-hmiting portion radiatively, the 
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temperature of the rate-limiting portion rising slowly under only induction 
heating for the metal members. 

In accordance with the configuration above, regions, in which metal 
members embedded, are heated from the inside by induction heating for the 
metal members. Also, the rate-limiting portion, the temperature of which 
rises slowly under only the induction heating, is heated from the surface side 
by the radiation heating. By virtue of induction and radiation heating 
process above, each portion of the raw tire may be heated up to desirable 
temperature rapidly and certainly. Therefore, each portion of the raw tire 
may be heated up to desirable preheating temperature, and then the whole 
portion of the raw tire may be heated up to the vulcanizing start 
temperature in a short time in the vulcanization molding process, resulting 
in that the vulcanization molding process may be completed in a short time. 

In a fifth aspect the present invention provides a raw tire preheating 
apparatus according to the fourth aspect above, characterized in that the 
metal members are embedded in a tread portion, while the radiation heater 
being arranged to heat end portions of the tread portion and a bead portion 
as the rate-limiting portion. In accordance with this configuration, typically 
configured raw tire may be sufficiently preheated. Further, an apparatus 
for embodying the raw tire preheating method may be acquired 
inexpensively because it is not necessary to install an expensive apparatus 
for induction heating to heat the bead portion. 

In a sixth aspect the present invention also provides a raw tire preheating 
apparatus according to the fourth or fifth aspect above, characterized by 
comprising a tire rotation means for rotating raw tire retained by the 
retaining means circumferentially. In accordance with this apparatus, the 



whole portion of the raw tire may be preheated equally. 

In a seventh aspect the present invention further provides a raw tire, 
characterized in that the raw tire is preheated by the raw tire preheating 
method according to any of the first to the third aspect above. The 
vulcanization molding process of the raw tire may be completed in a short 
time. 

In a eighth aspect the present invention also provides a tire, characterized 
in that the tire is made by applying a vtdcanization molding process to a raw 
tire preheated by the raw tire preheating method according to any of the first 
to the third aspect above. 

RRTTCF nKSnRTPTTON OF THTC DRAWTNaS 
Fig.l is a schematic diagram showing the configuration of a raw tire 

preheating apparatus embodying the present invention; 

Fig.2 is one schematic diagram illustrating the arrangement condition of 

radiation heaters; 

Fig.3 is a flow chart showing a preheat routine; 

Fig.4 is an exploded perspective view showing the relevant part of a raw 
tire; 

Fig.5 is an illustration showing temperature measurement positions on a 
raw tire in a preheating test; 

Fig.6 is a graph showing a relationship between temperature 
measurement position on a raw tire and temperature under heating by using 
both induction heating and radiation heating; 

Fig.7 is a graph showing a relationship between temperature 
measurement position on a raw tire and temperature under heating by using 
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only induction heating; 

Fig.8 is a graph showing temperature changes of bead wires and rate- 
hmiting portions; 

Fig.9 is another schematic diagram illustrating the arrangement condition 
of radiation heaters; 

Fig. 10 is still another schematic diagram illustrating the arrangement 
condition of radiation heaters; and 

Fig. 11 is a further schematic diagram illustrating the arrangement 
condition of radiation heaters. 

nTCRCRTPTTON OF THE PRFFRRRTCD EMBODIMENTS 
The present invention will be more fuUy understood from the following 
description of preferred embodiments when reference is made to the 
accompanying drawings from Fig.l to 11. 

The raw tire preheating apparatus according to the present embodiments 
is installed in storing process, which is provided between molding process for 
molding raw tire and vulcanizing process for vulcanizing and molding the 
raw tire, to store the raw tire temporarily prior to the vulcanization molding 
based on production planning. 

By the way, a raw tire 4 comprises a curcus assembly 51, the end portions 
of which are bended, a metal bead wire 52 provided at the bend of the curcus 
assembly 51, a rubber innerliner 53 attached to an inner peripheral surface 
of the curcus assembly 51, rubber tread members 54 and sidewall members 
55 attached respectively to an outer peripheral surface and a side peripheral 
surface of the curcus assembly 51, and a metal belt member 56 arranged 
between the tread members 54 and the curcus assembly 51, as shown in 
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Fig.4. The raw tire 4, comprising the members above, forms a configuration, 
comprising a tread portion 4a to contact to the ground plane, sidewall 
portions 4b and 4b' placed at the both side of the tread portion 4a, and bead 
portions 4c and 4c' placed at the ends of the sidewall portions 4b and 4b'. 
The bead portion 4c at the upper side of the raw tire 4 in a horizontal 
attitude is hereinafter called the upper bead portion 4c, while 4c' of the lower 
side called the lower bead portion 4c\ 

A raw tire preheating apparatus for preheating raw tire 4 above comprises 
a retaining means 1 for retaining the raw tire 4 in a horizontal attitude in a 
releasable manner, a tire rotation means 2 for rotating the raw tire 4 
retained by the retaining means 1, a tire set means 3 for setting the raw tire 
4 with the retaining means 1 on a preheating position, and an unillustrated 
pressurizing means for pressurizing inside the raw tire 4. The retaining 
means 1 includes an upper siipporting plate 21 for supporting the upper bead 
portion 4c of the raw tire 4 and a lower supporting plate 22 for supporting 
the lower bead portion 4c' of the raw tire 4, the supporting plates 21 and 22 
forming airtight spaces inside the raw tire 4 by holding the bead portions 4c 
and 4c' airtightiy. 

A supporting axis 23 is arranged extending upward at the center of the 
upper supporting plate 21 and connected to the tire set means 3 described 
above, while a rotational axis 24 is arranged extending downward at the 
center of the lower supporting plate 22 and connected to the tire rotation 
means 2 above. Also, a pressurizing means includes a fluid path and a 
pressurized fluid suppUer for supplying pressurized fluid such as air into the 
fluid path. The pressurizing means supplies pressurized fluid into the 
space inside the raw tire 4 via the fluid path, and expands the raw tire 4 to 
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be the predetermined shape by inner pressure to prevent the transformation 
of the raw tire 4 when preheating. 

Further, the raw tire preheating apparatus comprises a radiation heating 
means 10 and an induction heating means 11, the heating means 10 and 11 
being arranged respectively at either side of the raw tire 4 set in a horizontal 
attitude. The induction heating means 11 includes a coil 12 for heating 
inductively the tread portion 4a mainly and a core 13 which the coil 12 
wound about, the outer surface of the coil 12 being formed to have a 
curvature that matches a segment of the tread portion 4a of the raw tire 4 
while the coil 12 being connected to an induction heating power supply unit 
31. The induction heating power supply unit 31 generates high frequency 
magnetic field by suppljrLng induction power for the coil 12. Then, the 
induction heating means 11 above forms high frequency magnetic field 
around the raw tire 4 circumferentiaUy by means of the coil 12 via the core 
13 to heat inductively a steel belt 5, which is arranged on the tread portion 
4a, effectively. 

On the other hand, the radiation heating means 10 comprises four 
radiation heaters 15a to 15d, corresponding respectively to the first to the 
fourth radiation heater, and a heater support 14 to support the four radiation 
heaters 15a to 15d in the predetermined attitude. And, each radiation 
heater 15a to 15d comprises a heater lamp 17 to generate high-temperature 
heat rays and a reflecting plate 18 to reflect heat rays radiated from the 
heater lamp 17 so that heat rays have directional characteristics, as shown 
in Fig.2, wherein the heater lamp 17 is a halogen lamp with a smaU thermal 
capacity. The heater lamp 17 is formed to be straight columnar so that the 
axial direction of the heater lamp 17 is perpendicular to the radial direction 



of the raw tire 4. In addition, radiation heaters such as far-infrared ceramic 
heaters may be appHed for the heater lamp 17. 

The first radiation heater 15a is arranged at the corresponding height to 
the upper bead portion 4c of the raw tire 4, as shown in Fig.l, and held in an 
attitude to apply heat rays intensively on the upper bead portion 4c so that 
the upper bead portion 4c is heated. The second radiation heater 15b is 
arranged at the corresponding height to the upper end of the tread portion 4a, 
and held in an attitude to apply heat rays intensively on the upper end of the 
tread portion 4a so that the upper end is heated. The third radiation heater 
15c is arranged at the corresponding height to the lower end of the tread 
portion 4a, and held in an attitude to apply heat rays intensively on the 
lower end of the tread portion 4a so that the lower end is heated. The 
fourth radiation heater 15d is arranged at the corresponding height to the 
lower bead portion 4c' of the raw tire 4, and held in an attitude to apply heat 
rays intensively on the lower bead portion 4c' so that the lower bead portion 
4c' is heated. 

Each radiation heater 15a to 15d above is held at each height in each 
predetermined attitude respectively as mentioned above by the heater 
support 14, the heater support 14 being connected to an unillustrated 
moving means. The moving means is configured so that the heater support 
14 is movable toward and away from the raw tire 4 horizontally. Then, the 
moving means functions so that the heater support 14 is moved away to the 
farthest position from the raw tire 4 to install / uninstall the raw tire 4 to / 
from the preheating position, whQe moved toward the preheating position, 
where heater rays firom each radiation heater 15a to 15d may be applied on 
the raw tire 4, to preheat the raw tire 4. 
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Further, the raw tire preheating apparatus comprises five temperature 
sensors 16a to 16e, corresponding respectively to the first to the fifth 
temperature sensor, for detecting preheating temperature, which being 
configured to detect surface temperature of the raw tire 4 by non-contact 
infrared method. The first temperature sensor 16a is arranged at a height 
in an attitude to detect preheating temperature of the upper bead portion 4c. 
The second temperature sensor 16b is arranged at a height in an attitude to 
detect preheating temperature of the upper end of the tread portion 4a. The 
third temperature sensor 16c is arranged at a height in an attitude to detect 
preheating temperature of the lower end of the tread portion 4a. The fourth 
temperature sensor 16d is arranged at a height in an attitude to detect 
preheating temperature of the lower bead portion 4c'. Then, the 
temperature sensors 16a to 16d are fixed to the heater support 14 
accompanied with the first to the fourth radiation heaters 15a to 15d so that 
the sensors are positioned directly downstream the radiation heaters. 

The fifth temperature sensor 16e is separately arranged between the 
upper supporting plate 21 and the lower supporting plate 22 so as to be 
positioned in a space inside the raw tire 4. Then, a reciprocal axis 19a of an 
adjustable support apparatus 19 is connected to the end portion of the fifth 
temperature sensor 16e, the adjustable support apparatus 19 comprising 
drive motors such as stepping motors, motors with encoders, etc. so as to 
detect reciprocal angle and to pivot the reciprocal axis 19a in both forward 
and reverse direction. Preheating temperature of region between the upper 
end and the lower end of the tread portion 4a may be detected by adjusting 
the fifth temperature sensor 16e upward and downward around the 
reciprocal axis 19a of the adjustable support apparatus 19. In addition, the 
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adjustable support apparatus 19 may arrange limit switches at both upper 
limit position and lower Hmit position in reciprocal direction to reverse the 
reciprocal direction when each limit switch is turned ON. 

The first to the fifth temperature sensors 16a to 16e are connected to a 
temperature input urdt 32 comprised in a preheat controlling apparatus 30. 
The preheat controlling apparatus 30 comprises the induction heating power 
supply unit 31 mentioned above, a heater power supply 33, a tire rotation 
drive imit 34, a tire set drive unit 35, and a information processing xmit 36 as 
well as the temperature input unit 32. The temperature input unit 32 
comprises functions for taking in preheating temperature signals indicated 
by voltage value or current value output from the first to the fifth 
temperature sensors 16a to 16e to convert the signals to digital value, and 
for outputting the digitized preheating temperature signals selectively by 
means of selection signals from the information processing unit 36. 

Furthermore, the induction heating power supply unit 31 is connected 
electrically to the coil 12 of the induction heating means 11, comprising a 
function for generating high frequency magnetic field from the coil 12 by 
suppljdng induction power for the coil 12 based on induction heating signals 
from the information processing unit 36. The heater power supply unit 33 
is connected electrically to the first to the fourth radiation heater 15a to 15d, 
comprising a function for generating heat rays of any heat capacity from 
each heater 15a to 15d by supplying heating power for each heater based on 
radiation heating signals from the information processing unit 36. The tire 
rotation drive unit 34 is connected electrically to the tire rotation means 2, 
comprising a function for operating the tire rotation means 2 based on 
rotating signals from the information processing unit 36 to rotate the raw 



tire 4. The tire set drive unit 35 is connected electrically to the tire set 
means 3, comprising a function for operating the tire set means 3 based on 
tire setting signals to install / uninstall the raw tire 4. 

Each of the foregoing units 31 to 35 is connected to the information 
processing unit 36, the information processing unit 36 consisting of 
information processing apparatus such as microcomputers, personal 
computers, etc. including a input and output unit 37, a arithmetic logical 
unit 38, a communication unit 39, a memory unit 40, a display unit 41, and a 
data input unit 42. The input and output unit 37 is connected to each of the 
foregoing units 31 to 35 so as to transmit / receive every kind of signals to / 
from each of the units 31 to 35. The memory unit 40 stores every kind of 
data such as program data, for example preheat routine etc., process data, 
for example preheat configuration table etc, wherein the preheat routine is a 
program for carry-in / out processing and preheat processing for the raw tire 
4, while the preheat configuration table is a tabular form for illustrating 
preheat processing for the raw tire 4, the first preheat configuration for 
preheating by radiation heating and induction heating and the second 
preheat configuration for preheating only by radiation heating being 
corresponded respectively to category data of the raw tire 4. 

The arithmetic logical unit 38 executes programs such as the preheat 
routine above. The communication unit 39 is connected to an unillustrated 
communication network so as to transmit / receive preheat information data 
such as category data, status data, etc. about the raw tire 4 under preheat 
processing to / from information processing apparatus such as production 
management system, etc. connected thereto. The display unit 41 displays 
preheat information data in a monitor. The data input unit 42 consists of a 
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keyboard, a mouse, and every kind of switches to input preheat information 
data and operation signals. 

Method for preheating raw tires will be described below through 
operations of the raw tire preheating apparatus of the foregoing 
configuration. 

Raw tire 4 comprising a plurahty of layers including a belt member 56 and 
/ or a bead wire 52 therein is manufactured by using an uniUustrated tire 
molding machine through a molding process, as shown in Fig.4. The raw 
tire 4 is put into conveyable status with retaining means 1 by upper bead 
portion 4c and lower bead portion 4c' being retained respectively by upper 
supporting plate 21 and lower supporting plate 22 of the retaining means 1, 
as shown in Fig.l. Then, the raw tire 4 is conveyed to a storing process with 
being kept inflated, in case there is provided a waiting period until the 
vulcanization molding of the raw tire 4. 

Information processing unit 36 of preheat controlling apparatus 30 
operates on a functioning based on the preheat routine in the storing process. 
Therefore, a carry-in processing for the conveyed raw tire 4 into the storing 
process is executed firstly. That is, tire set means 3 is connected to 
supporting axis 23 of the retaining means 1 so that the conveyed raw tire 4 is 
to be retained. Then, rotational axis 24 is moved horizontally to be 
positioned over tire rotation means 2 after the raw tire 4 is set in a 
horizontal attitude, and subsequently the raw tire 4 is brought down 
accompanied with the retaining means 1 so as to be set on the preheating 
position by the tire rotation means 2 being fitted with the rotational axis 24 
(SI). 

Next, a data input processing is executed to be an input wait state for 
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every kind of preheat information data such as category data of the raw tire 
4 set on the preheating position, etc. Then, preheat information data, which 
are input with keystrokes on the keyboard etc. of data input unit 42 by an 
operator, is stored in memory unit 40 (S2). Afterward, tire rotation drive 
unit 34 is operated and the raw tire 4 is rotated in one direction by the tire 
rotation means 2 (S3). 

In addition, after the preheat information data is iaput, a match 
processing between category data extracted from the preheat information 
data and data on the preheat configuration table is executed to specify 
corresponding preheat configuration to the category data. It is recognized 
that raw tires of the category should be preheated by both radiation heating 
and induction heatiag if the first preheat configuration is specified as a 
result of the match processing, while should be preheated by only radiation 
heating if the second preheat configuration. 

Then, the raw tire 4 is judged to, or not to, belong to the first preheat 
configuration category (S4). If the raw tire 4 is judged to belong to the first 
preheat configuration category (YES in S4), induction heating power supply 
unit 31 is operated. As a result, induction power is suppHed from the 
induction heating power supply unit 31 to coil 12 of induction heating means 
11, and strong magnetic field is applied on the tread portion 4a of the raw 
tire 4 so that the belt member 56 of the tread portion 4a is heated inductively. 
Accordingly, the center of notably fleshier part of the tread portion 4a of the 
raw tire 4 is mainly heated from the inner side as well as the tread portion 
4a is heated circumferentiaUy by rotating the raw tire 4 (S5). 

Subsequently, heater power supply unit 33 is operated and heater power is 
supphed for the first to the fourth radiation heaters 15a to 15d. Then, each 
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of the radiation heaters generates heat respectively with each amount of 
energy according to the heater power to generate heat rays from heater lamp 
17. The most part of the heat rays proceeds toward the raw tire 4 by being 
reflected on reflecting plate 18. Heat rays, which followed the foregoing 
path, reach the upper bead portion 4c, the upper end of the tread portion 4a, 
the lower end of the tread portion 4a, and the lower bead portion 4c* of the 
raw tire 4 respectively and heat the portions from the surface side (S6). 

On the contrary, if it is recognized that the raw tire 4 belongs to the second 
preheat configuration category, that is, a category for passenger vehicles and 
/ or Hght trucks with relatively thra rubber thickness (NO in S4), the S6 is 
executed to heat each portion of 4c, 4a and 4c' only radiatively by the first to 
the fourth radiation heaters 15a to 15d without being heated inductively 
(S6). 

Preheating temperature controlling processing is executed once heating 
(preheating) of the raw tire 4 is started as described above. That is, the first 
to the fifth temperature sensors 16a to 16e detect the preheating 
temperature of each portion of 4c, 4a and 4c' and send outputs to 
temperature input unit 32 as preheating temperature signals indicated by 
voltage value or current value. The temperature input unit 32 takes in a 
preheating temperature signal corresponding to the selection signal of the 
information processing unit 36 from among preheating temperature signals 
output from the first to the fifth temperature sensors 16a to 16e, and then, 
converts the selected preheating temperature signal (analog signal) into 
digital signal, and sends output to the information processing unit 36. The 
information processing unit 36 acquires the preheating temperature of each 
portion of 4c, 4a and 4c' through the preheating temperature signal by 
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switching selection signals sequentially. Then, the heater power supply 
unit 33 is controlled by, for example, ON/OFF control or PID control etc. so 
that the preheating temperature of each portion of 4c, 4a and 4c' becomes 
predetermined temperature. If the raw tire 4 is heated inductively as well 
as radiatively, the induction heating power supply unit 31 is also controlled 
by every kind of controls such as mentioned above. As a result, no 
temperature drop of the raw tire 4 occurs even if the raw tire 4 is stored in a 
room-temperature environment. Further, the temperature of the whole 
part of the raw tire 4 may be raised neat to the vidcanization temperature 
according to the degree of radiation heatiag and / or induction heatiag (S7). 

If the raw tire 4, preheated as described above, is subsequently conveyed 
to a vulcanizing process following the storing process, the fixst to the fourth 
radiation heaters 15a to 15d and the first to the fourth temperature sensors 
16a to 16d are moved to a position in readiness with heater support 14 being 
roUed back after radiation heating and / or induction heating are halted. 
Then, the raw tire 4 in released status is drawn upward by the tire set 
means 3 via the supporting axis 23, and is transferred to the vulcanizing 
process for vulcanization molding to be an end product. The vulcanization 
molding of the raw tire 4 may be completed by raising the temperature of the 
whole part of the raw tire 4 to the vulcanization temperature in a short time 
even if the raw tire 4 is transferred to the vulcanizing process with shorter 
j preheating time because the temperature of the whole part of the raw tire 4 

is raised to predetermined temperature by means of both radiation heating 
and induction heating in a short time (S8). 
i Next, the following test was conducted to recognize effects of the raw tire 

; preheating method and apparatus according the present embodiments. 

i 

I 
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That is, a plurality of thermocouples are embedded at the upper end 
portion, the middle portion and the lower end portion as well as the upper 
middle portion and the lower middle portion, both of which were between 
former portions, in the tread portion 4a of raw tire 4. Then, each of the 
thermocouples 45 was connected to temperature detection apparatus to be 
measurable. And then, the raw tire 4 above was installed in a raw tire 
preheating apparatus, and was preheated by both radiation heating and 
induction heating by operating the second and the third radiation heaters 
15b and 15c as weU as operating induction heating means 11. Temperature 
of each portion was measured at elapsed time of 1, 2, 3, 5, and 8 min, and 
temperature of each portion under only induction heating by the induction 
heating means 11 was also measured at the same elapsed time for 
comparison. As a result of the measurement, it was made clear as shown in 
Fig.6 that the temperatures of the upper end and the lower end of the raw 
tire 4 were raised with the same heat-up rate as the other portions or more if 
heated by using both radiation heating and induction heating. 

In addition, temperature change of both bead wire 52 and rate-hmiting 
portion (end portions of the tread portion 4a) under only induction heating by 
the induction heatiag means 11 of Fig. 1 were measured. As a result of the 
measurement, it was made cleared as shown in Fig.7 that that the 
temperatures of the upper end and the lower end of the raw tire 4 were 
raised with smaller heat-up rate than the other portions. 

Then, temperature change of both the bead wire 52 and the rate-hmiting 
portion (the end portions of the tread portion 4a) under radiation heating by 
the first to the fourth radiation heaters 15a to 15d of Fig.l were measured, 
the result of the measurement being plotted in Fig.8 as "The present 
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invention". Temperature change of both the bead wire 52 and the rate- 
limiting portion (the end portions of the tread portion 4a) imder induction 
heating for the bead wire 52 were measured, the result of the measurement 
being plotted in Fig.8 as "Prior art". As a result, it is made deat that the 
heat-up rate of the rate-limiting portion is higher than that of the bead wire 
52 under radiation heating environment of "The present invention", while 
extremely lower under only induction heating environment of "Prior art". 

As described above, the raw tire preheating method according to the 
present embodiment is a method as shown in Fig. 1 for preheating raw tire 4 
including metal members such as belt member 56, bead wire 52 etc. 
embedded therein, comprising preheating by using both induction heating 
for the metal members, and radiation heating for a rate-limiting portion, the 
temperature of the rate-Hmiting portion rising slowly under only the 
induction heating. In addition to above, the metal members may be other 
than the belt member 56 or the bead wire 52. Further, the rate-limiting 
portion of the present embodiment is to be considered in all aspects as 
illustrative of the portion where temperature rises slowly under only 
induction heating environment, and not limited to end portions of tread 
portion 4a as illustrated. 

In accordance with the method above, regions, in which the metal 
members embedded, are heated from the inside by induction heating for the 
metal members. Also, the rate-limiting portion, the temperature of which 
rises slowly under only the induction heating environment, is heated from 
the surface side by radiation heating. By virtue of induction and radiation 
heating process above, each portion of the raw tire 4 may be heated up to 
desirable temperature rapidly and certainly. Therefore, each portion of the 
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raw tire 4 may be heated up to desirable preheatiag temperature, and then 
the whole portion of the raw tire 4 may be heated up to the vulcanizing start 
temperature in a short time in the vulcanization molding process, resulting 
in that the vulcanization molding process may be completed in a short time. 

Particularly, the raw tire preheating method according to the present 
embodiment is a method for preheating raw tire 4 including belt member 56 
embedded in tread portion 4a, comprising preheating by using both 
induction heating for the belt member 56, and radiation heating for end 
portions of the tread portion 4a. In accordance with this method, typically 
configured raw tires may be sufficiently preheated. 

More particularly, the raw tire preheating method according to the present 
embodiment is a method for preheating raw tire 4 including the member 56 
and bead wire 52 embedded in tread portion 4a, comprising preheating by 
using both induction heating for the belt member 56 in the tread portion 4a, 
and radiation heating for end portions of the tread portion 4a and the bead 
portions 4c and 4c\ In accordance with this method, typically configured 
raw tires may be sufficiently preheated. Further, an apparatus for 
embodjnug the raw tire preheating method may be acquired inexpensively 
because it is not necessary to install an expensive apparatus for induction 
heating to heat the bead portions 4c and 4c'. 

Also, the raw tire preheating method above may be embodied in the raw 
tire preheating apparatus according to the present embodiment. That is, 
the raw tire preheating apparatus is an apparatus for preheating raw tire 4 
including metal members such as belt member 56, bead wire 52 etc. 
embedded therein, comprising retaining means 1 for retaining the raw tire 4 
in a predetermined attitude in a releasable manner; induction heating 
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means 11 for heating the metal members inductively by means of a high 
frequency magnetic field, the high frequency magnetic field being apphed to 
the raw tire 4 retained by the retaining means 1; and the first to the fourth 
radiation heaters 15a to ISdfor heating rate-limiting portion radiatively, the 
temperature of the rate-limiting portion rising slowly under only induction 
heating for the metal members. 

In accordance with the configuration of the raw tire preheating apparatus 
above, regions, in which the metal members embedded, are heated from the 
inside by induction heating for the metal members. Also, the rate-Hmiting 
portion, the temperature of which rises slowly under only the induction 
heating environment, is heated from the surface side by radiation heating. 
By virtue of induction and radiation heating process above, each portion of 
the raw tire 4 may be heated up to desirable temperature rapidly and 
certainly. Therefore, each portion of the raw tire 4 may be heated up to 
desirable preheating temperature, and then the whole portion of the raw tire 
4 may be heated up to the vulcanizing start temperature in a short time in 
the vulcanization molding process, resulting in that the vulcanization 
molding process may be completed in a short time. 

Further, the raw tire preheating apparatus according to the present 
embodiment is an apparatus, wherein belt member 56 (metal member) is 
embedded in tread portion 4a, while the first to the fourth radiation heaters 
15a to 15d being arranged to heat end portions of the tread portion 4a and 
bead portions 4c and 4c' as a rate-limiting portion. In accordance with this 
configuration, t5^ically configured raw tires may be sufi&cLentiy preheated. 
In addition to above, raw tire preheating apparatus may be acquired 
inexpensively because it is not necessary to install an expensive apparatus 
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for induction heating to heat the bead portions 4c and 4c\ 

Furthermore, the raw tire preheating apparatus according to the present 
embodiment comprises tire rotation means 2 for rotating the raw tire 
retained by the retaining means 1 circumferentially. In accordance with 
this configuration, the whole portion of the raw tire 4 may be preheated 
equally. 

The present invention, having been described above with preferred 
embodiments, may be embodied in other specific forms than described above 
without departing from the spirit or essential characteristics thereof. That 
is, the raw tire preheating apparatus may comprise the fifth radiation heater 
15e arranged to heat middle portion of tread portion 4a radiatively as well as 
the first to the fourth radiation heaters 15a to 15d. The tread portion 4a 
may be heated more effectively with the fifth radiation heater 15e. 

The first to the fourth radiation heaters 15a to 15d may be arranged inside 
raw tire 4 as shown in Fig. 10 as not hmited only to the present embodiment, 
wherein the heaters are arranged outside the raw tire 4, resulting in that the 
raw tire preheating apparatus may be miniaturized. Further, the first to 
the fourth radiation heaters 15a to 15d may be formed to be rounded along 
raw tire 4 circumferentially as not hmited only to the present embodiment, 
wherein the heaters are formed to be straight columnar, resulting in that 
heat rays may be apphed efficiently on each part of the raw tire 4. In 
addition to above, coil 12 is to be considered as not hmited only to the present 
embodiment, wherein the coil 12 is formed to have a curvature that matches 
a segment of the tread portion 4a of the raw tire 4. 
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